diffraction efficiency, are discussed. Then an optimum condition for the configuration o f a symmetrical off-axis type is derived. It is achieved by combining a Leith-Upatnieks hololens and a Brand1 hololens. In order to demonstrate its feasibility, a variable power system is fabricated, and its resolution is evaluated to be better than 30 wn.
Un dispositif i focale variable avec des composants
holographiques R E S U M k : O n dkcrit le principe d'un dispositif B focale variable fond6 sur les proprietks de diffraction d u n e lentille holographique. Les [7] . However, the focal power of all these systems are fixed, and thus their applications are limited.
To improve the limitation, a variable power system is presented. It is based on the diffraction properties of a hololens. The focal power is varied by adjusting the position of one of the two composite hololens. In order to inspect its characteristics, the important factors such as cross-talk problem, aberrations and diffraction efficiency are discussed. Then, an optimum condition for the configuration of a symmetrical off-axis type is derived. It is achieved by combining a Lieth-Upatnieks hololens and a Brandt hololens. In order to demonstrate its feasibility, a variable power system is manufactured. In addition, its resolution is evaluated with a resolution test chart. The result shows its resolution is better than 30 pm. This system can be applied to bandwidth filtering, coherent signal transformation and multi-signal output. where p = -is the ratio between the reconstruction and recording wavelength, and is assumed to be unity in the present analysis. The + refers to + 1 and -I orders of the diffracted images of the hologram. Here, only the real image is of interest, and the minus sign is used hereafter instead of the e 1 in the equations. F and f is the hologram focal power and focal length, respectively. Moreover, the aberrations introduced by hololens can be written as [9] (5j where p is the effective recording radius on the hologram, and S, C and A are the coefficients of spherical aberration, coma and astigmatism, respectively. They are given by sin a c sin a:
Based on the above formulas of the diffraction properties of a hololens, the principle of a variable power system will be described in the following. I'he basic schematic diagram of a variabie power system, which consists of two hololenses H L , and HL,, is shown in figure I from the recording light. Therefore, the focal power can be varied, but there will be with some aberrations.
The curvature of the wave diffracted from H L , and HL, can be derived from Eq. (2) and written as
and respectively. Obviously, Ri2 is the back focal length of the system. Hence the back focal power and the effective focal power can be written as and Fe.r.,
respectively. From Eq. (11) and Eq. (12), it is clear that the focal power of this. system depends on d.
-DESIGN AND ANALYSIS
Although some important factors such as crosstalk, aberrations and diffraction efficiency are not concerned with the focal power directly, they can influence seriousiy on the opiical quaiiiies of ihe system. They will be discussed in the following and an optimum configuration will be derived.
3. -1.
Cross-talk
When the output signal superposes on the directly transmitted light, the system is said to have a crosstalk. It will make the signal-to-noise ratio (SNR) reduced. To avoid the cross-talk problem, four possible configurations are designed, as shown in figure 2. They are unsymmetrical (recording) on-axis type, total off-axis type, symmetrical (recording) offfigure 2 are Leith-Uptanieks hololenses [IO] the symmetrical off-axis type has the smallest aberrations. I n addition, the emulsion shrinkage introduced in the development process also produces aberrations.
If the hololens is recorded symmetrically, i.e., the reference light and the object light are symmetrical with respect to the normal to the hologram, then it has the least emulsion shrinkage aberrations [13]. Hence, the symmetrical off-axis type has the smallest aberrations compared with other types.
-Diffraction Efficiency
The performance of HOEs and the optical system using HOEs depends particularly on HOEs' diffraction efficiencies. From the coupled wave theory [14], it can be proved that the hololenses fabricated by symmetrical recording process have higher diffraction efficiencies.
Based on the above discussions, it is concluded that the symmctrical off-axis type is the best coilfiguration. In this paper, a variable power system with two HOES, one is a Leith-Upatnieks hololens and the other is a Brandt hololens, is presented. To get the best configuration, some important factors such as discussed. Then an optimum configuration is derived. In addition to demonstrate the flexibility, a variable power system is fabricated, and the resolution is evaluated (better than 30 Fm).
Because of its variable power, it has a wide range of applications. If a broadband source is used, this system has the function of bandwidth filtering [16], which the conventional optical system does not have. In addition, this system can also be applied to The measuring error of the focal length also depends on the focus depth. The focus depth is proportional to thef-number, and it is about 0.5 mm in this system. 
